A test of signal detection theory using shock in symmetrical and asymmetrical payoff matrices with auditory stimulation of the rat by Lief, Jack
Lehigh University
Lehigh Preserve
Theses and Dissertations
1969
A test of signal detection theory using shock in
symmetrical and asymmetrical payoff matrices with
auditory stimulation of the rat
Jack Lief
Lehigh University
Follow this and additional works at: https://preserve.lehigh.edu/etd
Part of the Psychology Commons
This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation
Lief, Jack, "A test of signal detection theory using shock in symmetrical and asymmetrical payoff matrices with auditory stimulation of
the rat" (1969). Theses and Dissertations. 3766.
https://preserve.lehigh.edu/etd/3766
; - '•- I 
C 
. . ··--- ·--
;-,~ : 
,. 
J-:---------~-~~· --~~--
--·~~ 
.. 
,, 
-~· 
.~--
,. ·:-: 
-~~-----·-·--···--····· 
-~--
~ 
---: -
·~. 4_·--· - - -
' .. 
. .. ·· .. 
. ~ . 
;. 
. ' ·~-.' 
.. 
.· . = ·•·"\ ... · .. 
.. 
,, 
• ·I . 
- - .,:!" 
· A TEST OF SIGNAL DETECTION · 
- .... 
. ~-
THEORY USING SHOCK IN 
SYMMETRICAL AND ASYMMETRICAL 
· PAYOFF MATRICES WITH AUDITORY--· 
STIMULATION ·OF, THE RAT 
.. 
·-----·~ -· ·-·-·~ ·- ·- ··-·i-------:--.,..--- -.--:-
~·.: ,, 
.. 
· · --J"·ack Lief 
• 
----·-·--·----··· 
---~---~ .... 
A Thesis 
Presented to the Gra.duate ·committee 
of. Lehigh· University 
in Candidacy for tne Degree of 
I 
Master of Science 
• 
. . in 
·, 
.... 
-----=:---.---~------··- - --··' 
-~~-
Department of Psychol~gy 
Lehigh University 
1969 ) 
.... -.-·----·--.-----
. . ·.: : . ', ;-:~ .,.·_, • • • 
• I •_ - .~ .. ~-j ' 
'I· ' l ..... _ •• i l 
Tl.!'.' 
_J, . .. • • J •• 
.. ~-' ._ 
. . ' I 
.-. 
. .•, ,,. ~ 
I ' • • . , 
·-·.· 
-' ' ... 
. . . 
'. q • 
\1.,. 
... 
·-·-· 
... 
, .a,' I" 
' '- ·~ .. 
.·1 . 
. , 
.. 
-<II I ' \' ' 
- ••o:----a-~~- ____ ........... "' ,-_, .... _ .. ___ -----<=-............ , _ _,,_ ..... -- --···-· . -
, -
\ 
t • 
.,t,, ~ ---·-- ·-·---· 
-------·--- ' 
' ·-~ 
i . 
·~ 
, . 
' .. 
. ' 
.. 
·,, 
. 
/ 
.. ~.: 
.. ~--·..,..--~ 
i: 
: ..... 
-.~-. 
•'\ _________ .. ,-,,, .. ----:,--------· .. :-: 
:". l \ . . 
·, . ..
·'· . 
. V 
. --~ ~ - . 
.. - \ 
. ' 
..., 
la------------,----- - ··------
. "·--~-~~-------· .('. ···-·-----··--- ·-·-·-------·-· -r,- = ----------
,. 
---~-------. 
-
' ,._ 
. ~ 
\ 
: l 
\ ) 
~~ ---- ----- -- - ··----
·fulfillment of th.e- requirement:s for th~ degree o-f Master 
.u. 
... 
• 
' 
' \ 
of Science. 
0 
.. .- -. - i. 
. ·, 
' 
-..-.;, > -
" i 
. /b l'il. 
·-----------··-----_.__...__ ··---- ------- .-., .. -· --- --- .· ---.,~ ., -~-- .... - -· ·~--~-- .·-.--·~ - -·-.··-.-· ·. ----.~ 
. .,, 
-~-:.~~ 
-~-
I' 
. .1o.: 
:.ro, 
•. 
~' "· ·, ' 
:,.: . 
Professor 
..... ···-·-·--·--·~------ .. ·: .. . -.....:.. ... · ... -... ... .,· -- .. .------,.- ---- - ~__.- ' --- ·---'-·----------------~- -~:~ .. - --··· .-- 1 __ •. -.~----. - ,--.· -···-.- .---.-- • ·-·-.--. --:·----"' ------
--· 
I I 
11 
___ /
·I .. 
---~------- . --
\ 
.. 
'l --:-
. -·----· .. ...;.--_ -"'"-·=---·-.. ----~,....,..~-c-··-----
\: 
I, 
, ... 
____ J 
' . 
. 
. ) ... '). •' 
'· t 
. 
..____~_ ---------·--------·--*-----+- ----------·----------------·---- ·-·-·---·--·-------------- - ' ' . -
~-------- ·---------- -----~ --~-----·-·--------
-- --o-------- _, - ---- -- - ----- ------·---------·--···------- --- - ----- -------·--··-------·------- -----· --··-·--·- ···------~~---·-····----~------------·. ---·· -·- ·1-·---
. ,. 
ACKNOWLEDGEMENTS 
The author wishes to thank Dr.·Francis J. Wuest 
whose guidance was most valuable in the development of 
the experiment. Appreciation is due to Mr. Charles 
,, r 
T. Rose who cont.ributed many helpful ideas a~d sugges-
tions. Above all, I am. grateful to ~"my wife Judy 1-and 
son Adam. who· contri'bute ·both motivation and reward 
while as.king little in return.· 
-- . --~-------------------'------
- .. - - - . ... . ''·: 
J • 
-~ 
· .. ·;.. 
. ~: 
i. .-•·. •. 
-· .... -: 
--, . 
r:. 
,,.,_._,.,.it 
~·---:-~~:-- __ • ·-~-·-:• ', ~"'- ·;;• ••,•- ,·:, •' ·, .. --· •--- • • ~-- • • -~~·.-•--··-•"'•~·.-.--··.-------. • '.·;:, ', -o.n-._ .. ".,•n•'·"~,,___.., .~·,:.ri-~-~-·~~~·.·~·~~·~ '••"-·,•·'· .. • • •,,.,· • • ';":''-"'•-~ -. -~--""'.'~-------••U• 
1 - - • 
/' 
1. 
·}, 
: r/-- - .. .. , . - - ·- "" . 
-··-· -- -- ....... ·- -- .. :·- .-........ . .. . . .· . 
.. .".- .· . ' -- '. ·--···. ·- -···-·""· . ···-· ---·-·-·--···--.. --.:... _____ __!! _________ . - -~ .. ----------·-,---. .., _______ ···-------
,. ~ • , .. r,_ .1 
. ' 
•.• I 
• 
··'· • • • 111 
...; 
. ~--
( --~ 
.. ., 
----- ;,_. . -~ ' 
,• 
-
\. 
·> 
. : . .-~ 
-~- .. "'' 
·--~----. -- . ----- -~ . --=---~---
-. 
f~ ~ 
~' 
~-
4 
·! 
ii r' 
,, 1~ ~ 
"'.. i 
-~ ~ Abstract ll • • • • ·~ 
,w_: 
~if '!.", -. 
Jr Introduction :,, 
• • • 
!\ 
"l 
' 
. -• .. Method 
• • • • • • i· \ ·,. 
' 
Procedure 
• .. • • 
Results 
• • • :·· ··:·, 
,. . . D1scuss1.on 
• • 
··•·· • 
.References • • • • • 
---.·-- ~- ,•_ ----,--
Vita 
• • •  •• 
--. 
',_ l 
•,· t 
--~: 
....,..........'c........:-~---- ·"---·--·· 
.. 
I 
.. :, 
.. 
.... 
r 
·-.:.·.:..,-: 
TABLE. :Oik--GONTENTS 
,I' 
Page 
..... 
'• 1 ••• • .•. :. • • • • • • ... • ·• • • • 
•• 
:. 
• • • • • • • • • • :.• •• • 3 
... . -,a--
• • • • • • • • • • • • • • :e.• •• . .. 1:3 
• • •• ·• • • • • • • . . • • • •• • .15: 
l,9· -~ .- • • • ... • .. •· • • • • .. • • . 
3··7 .. 
• • • • ~- . • • • • • • -• • , •.. •  . 
• 
; . 43 • • -~ • •• • • • • • . . • • • 
--. -- -
• ..... • • • ••• • ••• •• • • 44 
• ·_ 1 __ ...._ _____ _ 
··-· -------- -~---··--·~------- - ---- --- - --- ----- ---·-·· - ---··--''-'-'-------
r 
.·,. 
:\· 
/ 
~-
i· 
I 1 
_________ _:_:_ ____ ___:_--:-__ __.... ____ ~--
,.. 
• 1V 
i. 
. ~ 
. . 
:r 
.• 
.·, 
/ 
. 
' 
.. . 
/ 
: ----···- ---·------------- --- -
·:1-1 
<· 
------ -~ 
·"· 
,.. 
~· _ _,_ _______ ~------~·- ____ .. ,. -------·-··--··---··----·-···-- ... -- --- -··--· --- --- --- --- ------.---.- ---
-----
~~ '------'------· ------~--
. 
. . Figure ;. P~ge 
' 
1. A family of ROC curves ·. • . : · • . . •,. 6 
2. a. A typical symmetrical payoff matrix , • 10 
b •. An asymmetrical payoff ~atrix •••• 10 
3. Detection performance for pilot . subject 2. 22 
~' -,,. 4. Detection p~rformance for subject #1 .• 
-· 
•• ·24 
5. Detection performance for -subject #2 . . • • 26 
__ 6. Detection ·-·performance -fer subject· #10 • • 28 
7. Detecti.on performance for subject #3 • • • 30 
8. Detection performan·ce for subject #7 • • .• 32 
________ ,, _____ ...... _______ ,_ 
•. ::.1 ~ 
-
. --- ,•-•.•,•~ •, , __ ,.........,, ,a•·-
4 .~ 
I 
·' 
c:-c:-•• ---- - -
·9. Detection performance for _ su.f)j-~.-~!: ____ f_8 __ ,.~.L----~---·-·-'---~J ___ 4_____ . •-----------·- .. ::. . . _ .-~: .. _ .. __ -·- - -----~~ ·--------,- •---'---.,,..--- ----·-··-~~·····--······-----·-··-----·~------~·--- ---·- ·--·· ~---~-. ~ ..... -----~- . . -
• 
~-· 1 
.10. Detection performance ~or subject #9 • 
I 
¢;-,i:. i·---s.,,r·· 
-.. -- .. ,-·· ....... _, ·- ___,.. : - .·,,. - .;;. -- .~. 4 -
... 
··~ 
__...." 
- ..... :---:~~·-;.. ~ -'-··=·~·"'-- - ·-- ;:- ... --·-- ....... ~ ••;r• -
V 
·'./'. 
. ..... 
.,. 
.- -- -- --··--· ---::.-·---:·-··-:-:-- ---- ·- - --- -- "''"';'"':"" 
.  
. , ~-
l \ 
!.,. 
• ·~·· 36 
.•. o· 
r 
. - ;.• .. - - _, . ..-..... - ·. - -----------···. --- ... - _ __..: .... ---- --- --- ---
... 
,-;, 
I_ . 
;~YiF 
~'i~-: -::.-. 
:~.;.:, .... ~·-·-.:. . 
. .c·:~ 
.. 
--- -----
--~~- - --
. -· -
-~ 
.---
. ___ ., _____ .. 
---- . ~---,· ~---- - - -
- --- ·--·· -
~ 
Fourteen female albino rats·s~rved as· Ss in a test 
_.... ...,1 . 
-~ 
of the theory of s~gnal detectability·· (TSD) • Motivation 
was controlled by maintaining Ss at 80·% ad lib .body 
-
weight. Four pilot Ss were first placed in a detection 
-
' 
. 
task receiving reinfor:eement f.dr hits and correct re-
1 . . 
- jecti.ons aqd shock for ... misses and false alarms •. The 
ROC curves obtai:11ed f.rorn pilot data were fit reasonably 
. 
' 
.. well with strai_ght lines by ,inspection when plotted on 
·1inear coordinates. Experimental Ss were first placed . 
" ' --· . 
· in a shuttle· box with food at one end. 
' 
' 
\ ' 
Ss had to cross· 
-
. 
-
... an--e-lectrified porti-ori-of ~he floor to. reach .. ±h_e _____ r_eiJl"'"".' .. 
forcement. Approach-avoidance gradients were thus gen~· 
erated and the shock intensity when the gradients were 
equal but opposite in sign. was determined for each s. 
-
. 
' 
,-·---~~- were then placed · in a detection task similar to pilot· 
Ss' task except receiving no shock for.false alarms and 
-
' 
misses. ROC curves thus obtained were also fit adequate~· 
ly by straight lines (by inspection). Ss were then di-
vided into two groups·which differed only in their payoff 
matr\_ces. One group received reinforcement for hits and 
correct re~~ctions and shock for misses a~d false alarms. 
.. 
·-·--·-·-
~ 
.... ' 
-------~---~--__________ The other giouij received re;inf.Q,rcement _ f_o; 1-1,i~~ __ ~nd cor-
-· - ·-·- .. --- .. ---- ·-----------
... --.. --·--·-···--· .. 
l... ' 
' 
'l1! 
' ..... 
rect rejections, shock for misses, and no reinforcement-
" 
no~~hock · for false 1alarms. Shock intensi tfes used in 
l 
. .... \ 
' .. 
'· 
.; .• 
.I 
' .. 
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' 'V 
approach-avoidance gradients. Results showed that d's 
increased .when shock· was introduced into payoff· matrices·. 
Conclusions were: (a) increased d' and linear ROC curves 
~ 
were incons ..istent with TSO; 
()/ . - - . ,, 
(b) Atkinson's variable sen-
sitj.vity model was found to have greater utility in 
I., 
accounting. fol:' th·ese results. 
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The theory o·f · signal dete~tabili ty · (TSD) (Egan & 
Clarke~ 19 6 6 , Green & Swets , 19/6 6) · is a mode 1 of the 
proces.s by which ·decisions are· made about detection or 
discriminatio~ of sen~ory inputs. Because of the. exis-
tence of r·andom noise at a hypothetical decision making 
---- poin-t in ~, correct_ detection· of .a sensory event is al-
- . - - ~· -
~---···ways inf luen·ced by the presence bf nc,-ise. This i..g due -
to t;he -overlap in the psychological distributions of 
·c;·-_._ '. 
.. 
. . . ~ 
' . . 
no1~ sig11al p·ius noi-se-whi---ch---a-re·~--·con-ee·pt.ua--1-i-zed-as---~~--"~--=·c. -··•- -.-
lying along the same continuum d. ering from each other 
i·n magnitude ·only. The extent· of thi·s overlap is depen-
-
0 
·, • . .. . 
• • --"-,·-de-nt;··-on----the-nature-of·· the ____ distrioution~ -··or-·7s-ignal ana-----·-··-~~ -~ ----·---···--··-··----·---
.. .' .· . 
- . 
noise and the intensity of the signal. An index of 
sensitivity {d') is dependent· upon the sepa~ation of _the 
·aistrjbut~ori means and their variances. For convenience 
it is customary to assume normal or, near normal under-
lying distributions of noise and signal plus n6.ise. 
u • 
In. th"is- situation, statist.ical d~cision , theory prescribes 
-
that S must choose a criterion, using.some decision 'rule 
-
based on the likelihood ratio, to se~ect his response if 
he is to perform optimally. 
' . .. 
- ------------··-··· __ .. _____ . _______ In. a "yes-no" decision task when S is asked, ~'did_ 
-
.. ··----~------~~--.. ,_@ __ ~vent or signal occur?"-, there are four possible out-
.. . . . ·"' 
' . comes of the situation.. S can respond "signal"· to a 
'· -
signal {Sis) or to a noise (Sfn); he can also respond 
• 
3 
\ 
.. ~ 
.. 
,.. 
-- _,.. - ---"--"~ -:-· - -., .•.-;- --·--···---- , _____ _ 
.. 
. . 
. ~ .. 
" .. 
.. - . ··.~-
-------·--- ---·--··-··- ·------ ·-·-·-s ~- --- -- - ·- _..'__. ___ ~_ ·- ... ··---···-----
··-~-----
---- -- .. 
~-~: -~- - - ---·-·- -·-·· - II • . II 
. · -· noise to a sign~l (NI s) o·r ~"noise·"_ to noise - -(N·I n) • 
.. 
----~ ----~-
-·------ --- ----- - -----·- 4 
~-. 
. ·' . ~ ... _ •. -
-------
~-
--- ----- -- ~-
Wheres sets his criterion determines the magnitude of -
Q 
.. 
the four conditional probabilities above. Since P (S.I s) 
= l~P (NI s) and P (SI n) =~~(NI n) , it fo·llows that only 
~-
p (SI s) · and P (SI 11:) need .. be 'known to completely specify 
i'; ,r•m• ... s '·s detect1on behavior. If P(Sls) is plotted versus 
, 
-
J P(Sln) on linear coordinates, a receiver operating 
' . 
. charact,eristic {ROC) curve is .gene·r.ated. An ROC curve 
1l·1 
can be generated for al.1 Values of d' • Tsb prediqts 
that the ROC curve thus· obtained (Figure. 1) will be } ' 
'II 
· symmetric about the· ne-gati ve. diagonal, will intersect 
the axes at points O,O and 1,1, and will be a mono-
:,1 
• • • 
• rl..· 
- . tonically increasing function whose slope is monotoni-
I cally decreasing. According to TSD, each point on the 
ROC curve for any given value of d' is determined by a 
variable criterion which can be cha~ged by ~ as external 
or internal conditions ,change. 
The theory dictates that the location of S's cri-
-
~, 
• - ' ~ • .... • 7 • 
.J • ' • ~. 
- y > ._, ~ terion will depend.upon the values of correct decisions, 
\ 
' ' 
costs of incorrect decisions, and the a priori probabili- ' 
ties,of the events in question occurring. The likelihood 
<Y 
~ 
ratio 110 C-ek) is defined as the probability of event·ek 
.. 
occurring g.tven that Sis true divided 1 by the probability -------~·---·--- -
'-
. 
-M"' .... 
~ .. ~ . 
... 
· . · ·' of ek occurring giv~~- -~~c11: N .. _i~_ ~;--~~-·----··!.-~ .. ---~~~r~ .. -~~-~----~W.9.- .. -~ -- - - • -----~----·--------~- •• ~ 4,0, ..... -· • • 
- ., 
choi·ces S can make on each trial, S or N, then the cx-i-
-
terion B sh9uld equal (S) 
I •, 
'fv11 +v 10 > P {N) {Green and Swets, 
""' ' 
, I ~ , 4 
'I \ ·-, 
-
•; J.~.-· _l • 
-.~.-
_.· 
··,-· 
--------.--.. ·--. ------ ,. ~ 
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Figure 1. 
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- ------------ - --
A .family··of ROC curves assumi:~g normal· 
distributions_ o·f signal plus noise· and noise with unit 
variance (adapted from Eg_an and Clark, 1966) • 
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choosing .alternative_ s, v01 is what ~ 10ses if he chooses 
. ~ 
S when N is true, v1i-~s the value associated with correct-
ly ch<20s~ng N, and v10' is the loss asscciated with picking 
N, when S was true. Assuming . the., values of being cor~ect 
. . 
' ' 
are-equaily attractive and the costs of being wrong are 
' ' 
equally unat-tracti ve, .. it f cl lows that S 's criterion, and 
-
-
thus his respons~ ;egarding the questionable even-t. ... should 
'; 
be -based solely- on the likelihood·--ratio. More--generally, .-
-
if the values and costs of various ·decisions are not 
• J ' ' 
V 
equally attractive and unattractive · ~es.pectively, s can 
/ -
optimize his behavior by saying _"yes" S occurred if ek~B 
· · · · -• • ' • • • _, • --• - • -·--·•••--• •• ·•-·-· • •• • •-•••-
-• ·---- ---·· - - ··---·••~---•h·u--~---------·----4-••·~~-•~• ··•·••·- -···•· ··- ..... -·- ••• . 
and N occurred if ek,93. 
-.;, 
~: 
.. . •. . . 
~!:--· 
-~ 
·--. 
'- Ir · •· -- - · · • ·- ·. -·- - - -
'I Previous experiments using laboratory rats as ~s-·, 
food reinforcement for "correct" responding (SI s anti 
, · .... 
. NI n) , and no food for · "incorrect" responding (·SI n and 
NI s) ,· (Hack, 1963 and Suboski & Spevack, 1968) support 
~etection theory since obtained ROC curves. approximated 
• 
•• 
.1 
• .. 
those predicted by TSD. , Hack {1966). liSing. food reinforce~ 
men-6 for correct response and· a "mild shock" for incor-
rect response, also found good support for detection 
theory. 
r 
It may be recalled~'that ~f the values Voo and v11 
1 . • . are t~e_.same, and. if the 
costs v01 and. y10 are the same, 
. J:-
---~-----. 
------
·.---·- --
-------
-- --- 4 - • - ,p (·S) - .. """ .. - ___ ,_ -·· .. ······ ···--·----- --~----· ------·--- - - . 
then B should equal p (N) · for the 'ide·al ~ who tr·f:es to 
maximize expected v-alue. Previous studies have used this 
•· 
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probabilities P (S) an-d P (N) •· This was done 'because it 
is relatively easy to manip\I\late a priori probabiiities 
- of Sand N. In order to.test TSD more fully, it is de-
.------ . 
sirable t6 manipulate nonsynnnetrical as well as symmet-
·t, 
rical payoff .matrices. This. is important since TSO states 
• 
that d' as well as the shape of the ROC curve is unaf,fect d 
. ·dli 
·by ch~ges in motivation or payoff. In addition, restric-
. . -
tion----of-research ·to detection behav1c{)f under syniinetri~l 
payoff is an unnecessary oversimplification of re~·lity • 
• #. ... ' ,- . - - . - ··-
Using different payoff matrices <rigure 2) an ROC curve , 
· could be generated and predictions of TSO could .be bett~r 
,, 
' ( 
- tested. The majo:t:" obstacle--t·o -m:an11llllat.1ng·-ptfyoff--··-a.Erynr~· ·-·--·-··-------__ .. ---,----·-=------'---------"--
• 
', I'.',. 
...... ·. 
\ 
-- ----~ ·- .•. ~--.------- ,._, - -·. - ... 
~ 
~trically lies .. in knowing what values to assign to each 
of four possible outcomes in. ,t-he de.t.ection task, thus 
. 
knowing what numbers to place in each cell of the payoff 
matrix. The present experimental technique uses a method 
which affords control over the subjective magnitudes of 
. . 
reinforcement· and punishment to be ·used· in payoff matrices 
• in order to test the predictions of TSD. 
' 
Brown ("1948) and at.hers have done a series of experi- .. 
s"\/1" 
ments concerning gradients of approach and avoidance re~ 
sponses. The general finding of these, types of studies 
~ 
has bee·n that under moderate· to high· levels of~otivation ,· 
- - ' 
. --------------------- ----- ' -
.,,.1 
'i. 
the .av..oidance gradient· is much .steeper than the approach 
gradient but, given the right conditions, ~hey .can be seen 
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payoff matrix. 
b. An asymmetrical payoff matrix di.frering from a, only 
the cost; of response Sin. 
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were preslllt\ed to be about e_qual in intensity. The pres-
ent experiment attempts to find the point at which 
approach to food and shock avoidance behavior is equal 
·,_ 
for a specific· amount .. of fo_od ~der a. fixed motivational 
. 
. 
' 
level. Using this info·rmation obtained from each S, 
-
appropriate values may be placed in each cell of a pay-· 
off matrix. Since ·each s·-·has ·--a~ffering prioritie:s---or-
-
--------------·----------------to-l.erances, the payof£.matrix conatr.ucted __ us.ii;ig approach-
/ 
.. -1· 
>' 
. 
avoidance behavior would be specific for eacp. s. Con-
. 
versely, given a spe·cific payo1ff _matrix, the magnitude 
' 
of ·shock versus food will'vary depending upon skin .resis-
t.ance, · tolerance- to pain i etc. · ··if we hold· ~agni tude arid 
. 
motivation for reward constant. 
The present experiment will test. tjle effects of s·hock 
in an asymmetrical payoff matrix. TSD·predicts that only 
shifts in criterion will occur when payoff is changed, d' 
and the- shape of the Roe, curve remaining the same. How-
. 
ever, other models which differ from TSO have been pro-
posed. Atkinson (1963) has proposed a model in which d' 
changes and sequential effects are considered. Luce 
(1963) ,' Atkinson (1963·, 196,5, and 1961) and others have 
proposed models of detection behavior which predict 
• T • •• • 
.-- _ ......... -~· ,., 
. . .. .. 
linear ROC curves. By creating confliqt _situati_ons·. an_9, . _· -··--------------
\ 
.,, 
- ., 
i. 
measuring the magnitudes of reinforcement and punishment 
,.,, 
when approach-avoidance gradients intersect, apprppriate· 
,,. .............. . 
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- 15e esfl-mated. · Knowing the subjective values of given 
amounts .of .. r~inforcement relative ·to punishment, appro-
priate payoff matrices will be constructed. Given these 
·payoff matrices, TSO ,predictions with ·respect to.d' and 
shape of the ROC curve will be tested. If the, results 
of this experiment differ significantly from TSD pre-
,.; 
dictions with respect to d' and shape of the ROC_curve, 
then other models wi'll have to be. considered_~·--------------
---·-~------------------·-----··--------~· 
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. ,- Ss were fourteen female a.lbino rats , four in a 
--
pilot ~tudy c3:nd ten in the ac:tual experiment. The pilot 
' . 
study was Jan explorati~n of the parameters of shock ·ana 
l . I 
signal intensity·so that app~opriate values. of eacll could 
be used in the experiment._ l 
,. 
Appa:ratus ·: 
. ,,, .. 
8" high -was 
,. 
' : 
r . 
- ... - fr:.! 
. 
A shuttle box 18-1/2" lo~g, 8" wide 
• .. 1/!1 • • ............ -----··------ --~---------. ------ - -------- --- -- -- - --- 1 ----·--------------··---;,-. ·-- --~----
_,.: 
,t,,,., 
l 
_______ i__ 
.:. 
.. 
1,_;·· J 
. _.. •, 
\ 
used in the conflict condition 'to determine the inter-
section of approach-avoidance' gradients for the· experi-
I 
mental: Ss. The shuttle box was made of Plex.iglass with 
.. 
.•. 
,1, ... ,. , .• 
·across -the .widtl} of the ·floor •. ·A guillotine door the 
. . 
width of the box divided the box in half.· At one end was 
. ' 
a food cup and a water bottle. Three and one half inches 
... 
beyond the door an infrared photocell relay (Lehigh Valley} 
would present one scrambled shock for :.1 sec~ at a sp'eci-
. ~ . 
fied intensity across the floor· of· the box when S broke 
\ b 
the inf rared beam to get , to the f.ood cup. The shock in-
t~ns~ty and duration were controlled by a Grason Stadler 
shock generator (E6070B). 
A double lever0 operant conditioning box whose inner 
i ' 
~dimenaions were about one foot on each side was used for 
. . 
.. ' - . . 
all Ss in the detection experirnen~. The box was construe-
ted of 1/2 inch plywood with 23~1/8" stainless steel bars 
• I 
411 13 
i 
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• 
I 
I 
I 
I 
- ..;- -: 
.. 
.-
} . r- , 
I • • .• 1 
\ 
-~----·-----· - -- - --··- ·------------------·------ ~----
----· ___\,. ______ ··.-------··---· ·-------·--·---~---~--- ··---------- . -----------
-----~------· . _ forming the floor·. . On one wall were two "bars (Sci~nt~.~~-~- ~---------·;:·"···-·-,-· _ 
-·-----·~··--· . ----------· -----------~--·-··----- -· .. -··-··-----·--·-·-······-· 
. \ -- -··--······· 
------ - ---·--·~~ 
.) 
. ' 
Prototype) mounted 2" ·above the floor and. 4" apart. Mid-"·· 
way between the bars 8" above the floor was·a light whose 
· brightness 6." away was approximately 11 foot candles . 
• 
...... _ ..... i..... ..... -- ..... """', 
Seven inches below the li.ght was a food cup. A sloping 
· ledge was placed above . the bars so that ~ co~cl gain ac\ 
cess to the bars only wllen _their ~t were on ~e. grid 
floor. The points at which the bars were attached to 
-----:-c---:,----:----t ...... h ._e_b~o.,...x .-.......... were---insula.ted wi-th---~_ubber tubi~g. ~-he --interior 
. 
. 
. 
of the box was painted a duil black. ,The_ top of the box 
11 ( • 
i, 
had styrofoam insulation. A h~gh frequency tweeter horn 
was mounted at the top of the box so that a tone could · 
. · I 
. .,. 
f 
· · - · -.b_ e pre-ente· d -to·· -t-he·--·-··ob--e·e·rve~---...; .. n-s.+-de·--·-th .. -r·ou· ·gh··---~·a······cu·tout--·o-.n·····---···-·---~- ------'--'"····--~~-------------------·--·---··- ... ; ---------~---·--·-. . ~--~--~·--:--........._.,---:--..-·< .... ..,..:~--~-=--~.-~·--. .· - ' . .,_._.___ u ·.:,· • ' . ' . . -- - ~- ·;- . 1-1 .... .... J. -- - . . . •Ji.& 
. \ ·· the top •. This box was located inside a second box -made . · . 
.. ·of: 3/4" thick styrofoam with a tight sealing lid. The 
space between the two boxes was filled with"!iberglass 
insulation. Observation o.f ~' s responding ~ndicates that 
good stimulus c~ntrol/existed during the detection exper-
111<~~· -4,t,t.,,r,1.-, 1, '- · ' ·. · · 
iment. Input to the tweeter came from a General ladio 
Co. beat frequency audio generator. Appropriate cir-
' cuitry for control of timing, recording, reinforcement and 
presentation of stimuli was also used ........ . 
r 
.. 
·· ···-· ··--·--- --- --- --·- ·"·-----··r.tot·i vation·: · 
...... --,··-·-- -- ----- ··'----- ---~--· ..... -- ··~ 
.. 
.· ··?' 
,, 
,-
0 
----·-·---·-·····"·-All of· the Ss were first allowed to- feed on- -an.':·ad lib· 
schedule for two weeks following delivery. Weig~ts of all 
Ss averaged ~out 240 gms_. . Each S w_~s then brought down 
- -
14 1' 
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., 
.. _ 
.~·. 
- . - . -· -;~. ... - . : ' 
-~. 
,. 
' 
. i 
.• 
. 
-----~----------- - - --- -
-- -- --------··-
" 
to 80%. of his ad lib we~ght. Motivation· lev~l· is op~:r-':"" 
ationally defined a~~O% ±.. 2%- of ad lib body weight dlir-
ing· some part of a res~nding_ session. Each reinforce-
·men t ~sistep of one .045 gm. Noyes pellet. 
}, 
·, 
•· 
Pilot study. No conflict condition was used. 
. J . 
Ss 
-
,t 
were first trained to barpress_~ .. during a time-in, l~ght-
' . 
.- . 
---- ---~--
off period for food. Bar press during the- light-on period 
·----------~ -----
(time-out) went unreinforced. After learning the task, 
each s was then trained to discriminate between a con-
tinuous 10 sec. tone signal and a quiet no signal (no 
" 
tone) condition during the time-in period •. To a signal, . ·· ·· 
-, . - - ------ ·-------··-·-·- .----·------·---·....,:_ ____ ------··-,.--·- .... ----------- ... -~-- -------········--··· -···-··--·- -... - _, ___ .. --~·-'-•-~ --·----..:-. .;__ -~~-~_ .. ..-.. .... J.__ ....•......... 
, 
Shad to respond by pressing the bar on his right. To 
- r· . . . > 
the absence of. a signal during a time~·in period, ~ had 
to respond by pressing the no signal bar on his left. 
( 
To either of the above responses, reinforcement would 
fall into the food cup. If during .the time-in period S 
pressed the signal bar and no tone was present, (a fa_lse 
ala~m) or S pressed the no signal _bar and a tone was 
-
-----p-r-esent (a m~s) a sho~k would ·be present~d across the 
... 
;,. 
• • 
. _ ... · 
,,, _ _..._,,_.- I 
' 
ii .,., 
grid floor. Each S received a specific amount of shock 
-
for both misses and false alarms. Different Ss received 
different shock intensities·· in order to study the feas-
ibility of dif,ferent amounts of puni-shment on detection. 
behavior. A 7fl db 6 kc tone was used '···as a signal. In 
\ 
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. . -· -
-- -------~-- -- --- ---------- . -- --~------- . . . 
order to test for a predicted. shift in d'' with increasing 
--··-------·--·--· -·-·'"····-------·-,·------~------------·,-- -· ---- . 
~ & • 
tone frequency a .70 db 8 kc tone was ·later sub~ti tuted. 
as a s,j.gnal.·.- The time-on. period lasted for 10. sec. fol-
. ' 
lowed 1by a 30 sec. time-out period~ The le~gth~of time-
------------ ----- --- ---- . -- - .. J.·. ; y~;·<f. ~ 
--- - -- -- in and ti-me-out. period·s were· constant regardless of .s's 
• • • 11 .... 
--"; - ----- -- --
. . 
response.-, A specific _a priori ·probability of a signal 
1 
.. 
duri~g time-in periods was used on any given day. Over 
, all, probabilities of signal duri~g time-in periods we·re 
' 
.. 
----------~~~~_._3-6A~_._A55, .545,_ and .637 .... The _____ p.art~cular o~xall .se-- ----------- - ') 
quence_ of a priori sigllal _prob.abilities was randomly. de-
termined. 
,. "'. 
.... 
Experiment. · Estimation o·f approach--avoidance ·g:r.ad:-
' -· 
·········-.-·- ______ .:··-~·-··-·-· .. ·,-··.--.. -,..-... ,_ .. -_. .. __ "'. ... -~ ........ c---ie·nts- consi·sted -of·· 10-:,trial-s·-c·per·---S ---in- --the·· --shutt·l·e box ----on 
:.,..,-·.-
. ; ·-~-;. 
·- ---- - ... ---·-·-··- - ·,-....- ,- - --
- . 
each day. , Each triai consisiied of raising the_ guillotine. 
door and allowing S to run to the food cup which h'ad re-
-
inforcement in it. To reach the . food ~s had to tolera~ 
, 
a shock. Initial shock levels were· .06 ma. (average re-
sistance of ss was between 100,ood and 200,ooon). Each 
- . l' 
~- .. ~ 
day the shock level was increased one dial setting on the 
~ 
shock source (.06; .08;- .10; .16; .20; .25; .30; .40; .SO; 
• 6 0 ; • 8 0 ma . ) • 
It was observed that when shock level as relatively 
low, Ss crossed the shuttle box with no hesitation. As 
. . 
sho e el was increased on ~ach successive day, -more 
(-'t'""" 
. ... 
hesitation was shown· to crossing th·e shuttle box. The .. 
• 
' point-was finally reached when S refused to cross the J 
-
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...,, . 
' 
shuttle box. It i·s. the shock value just· ·1e·ss -than that 
necessary to first produce·complet?e refusal to cross. the 
.J1' . . 
' . 
shuttle box which is defined as the point at which ap-
proach and avoidance gradients ·crossed. 
. ... \ 
At this shock 
value, gr~at hesi tatiort in crossin-g the_ shuttle box may 
typically be observed. and. en some trials· Swill not 
cross the shuttle·box for over a minute. 
• ' 0 
This behavior 
~ . 
is contrasted with .S's behavior at th-e -next. lower shock 
- ! 
leve-i~-rn~:whicfi ~-some. hesi~ancy is experience-a-Out running-_·--·---
resp·onses are usually quite strong· with short latencies 
of less, ·than 10 .. sec. J' .• :,, 
. . . 
> Following determination ,of the shock intensity· 
·. . ...ail .. .. 
. -,-.··. 
.... :··· - ,. ....; ·,._' 
.. . ···. - . ,•, .. · 
-·-- ~-~-- .. - ~---'-· --~-----------
necessary to produce intersection of ~·s avoiaance and 
.. 
approach. g·radients, operant condi tioni~g training was 
begun. The procedure was similar to the training of the 
pilot animals except that no shock was used and the sig-
nal tone Wg$ 10.kc 74 db. After 500 practice trials at 
, .. , . 
an a priori probability for?.a signal equal to .455, a 
j_ • 
priori probabilities were varied in the manner discussed 
in the pilot study except that their possible values 
were .272, .364, .455, .545, .637, and .727. <\A total of. 
20·0 trials were run each day. Af-ter seven days, six_ of 
the 10 Ss were divided into two groups. A seventh S 
-
--
· (#3) was Kept at 80% .. ad lib body weight but ___ +eceived a 
one week delay between non-shock and shock conditions of 
the expe~iment. The 3 re~aining ~s were discarded due to 
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their unsuitability.· ·The symmetrical payoff _group was-·,· ---------------------
t' l • ' . 
'-,._ 
tre~ted just like the pilot animal~ i.e. given food fo.r 
hits and correct. rejections and shock for misses and 
;_jalse alarms. 
~~: 
The other group received .psymmetrical 
-·-· ··-·--·-·--~---··· ·--- -·- - ' - -· -- --
payoff- beii;ig rewarded wi-tli food- -for hits and correct 
rejections,, shock for each miss and received no food 
no shock for false alarms. The ·symmetrical payoff _group 
.. .,., ... , .. , ,~--
' . 
acted as a control for the effects of sh.ock. on the 
;;._ .... -
.. ." 
-- as-yn11ne-tri-ca-1 group ~- - --- ___ , ___ ---
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RESULTS 
... 
-· ····- ·- -, - - - --- . ·- ---- ---- --· -
---- - --- ~-- -------~---------- - Figure -3 shows the ROC curves obtained when pilo·t 
.• .. 
-s- #2 responded to 6 and 8 kc tones. Pilot· S #2 was 
- -
selected since pilot Ss #1 and #3 did not 'yield"enough 
-
·./jt 
) 
data points to plot ROC curves before they died. In ~ ,. 
·addition;· pilot #4 did not yield .st.able responding.· due , 
to the high level of shock received for-false alarms 
. . 
and mis·ses. The results~ are described quite adequately 
·----- --------~-
by a linear ROC -estimated by· inspection for e-ach of 
., 
.. 
the two di.£ feren.t ~ tone frequ·encies. 
. : ... 
- ..;.,.. -~ 
. . ... 
Ji I,, , . ,,, F·.igures 4 through 10 show detection behavior under .. ., 
} . 
. both shock and no shock conditions for experimental .Ss. 
. . 
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,.. 
s·s 1, 7, and 10 received reinforcements for hits and 
- . 
·correct rejections, shock for a miss and no food no 
'"'"Shock for ,a false alarm. In contrast to the asymmetrL 
cal payoff matrix of- Ss 1, 7, and 10, Ss 2, 3, 8, and 9 
received food for hits and correct rejections and shock 
for both misses and false alarms. 
Interp~e.t~tion of data ·in Figures 4, 5 and 6 indi-
cates that data .are fit re.asonably well by straight 
lines. Comparing shock and no shock conditions of each 
' l · observer, in general, sensitivity was improved with in-
:: __ - -- ___ : _______________ - -troduction of shock. This is especial(- evident· in 
' 
____ ..., __ ---- ------------·-
_ _c.. _____ Figures .· 4, 5, 6, 7,. and-- 8. In an attempt to account for 
this effect associated with the introdRction of shock,' 
.. 
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-s_ f9 WGtS restored to his pre·-Shock Condition. Figure 
-
10 summarizes the data obtained-on days 1- and 2 follow-
i~g- removal of shock. It was ,conclude.a that there was 
no decrease in sensitiv~ty. following removal of sh'ock, 
"" -
-indicating that the shock hipd some per~anent effect on 
.,,· 
S's detection behavior. 
-
In order to lend more :credibility to the results 
· of the ·present experiment, S #7 was shifted at the end·· 
-
of the experiment to a 64 db tone. As expected sensi-· 
tivity decreased. .. I . \.' . . 
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DISCUSS.ION 
., .,. 
~ts Of'the present experiment do not support 
TSO du~·to :the ~lop~ of t~e ROC -'burves obtained and the 
Jl_.' •• 
- in-crease.d d's follot/iing_·.·introdtietion- ... of shock. In addi-4 • 
• 
-t:ion i results of the present s:tudy also. go cqntrary to 
. . 
.-\ findings·,of H~ck (1963,' 1966~.:which support detection 
• ~ 
• 
.. ' • ' I 0 
, . I 
theory. The linearity· of the ROC curves -of -Ss · 1, - 2·, and 
~ 
.. 10 can be e~pl~ined using ·a number of-- different mc;,dels. _ 
. 
. 
. Pata in ·Figures 4 and _6. support Atkinson·' s model only, 
. . ' - . 
·, . 
.... 
, ,, 
since the points at which the linear ~oc curves cross th~- ., /'. , . . . 
. - , . ·. . , .;:<, 
"l, 
._. 
. . 
. - ' 1·· -~--\. axes are not the c9rner·s of ~the graph. Inspection of the · ,_ -~·-,---,-~,--
. 
"Is 
- f 
_. 
, . .. ~re.s~ ts of_ both: shock and -no--Shoek oo, 'ditiens :also--sup--- '-- --.~~-, '··- -"-'--- --- -
,. . 
)' 
ports Atkinson's variable sensitivity-model although -~ther 
explanations may be offered for the i crease in sensitiv-
ity 'wi~ shock.. According to detection.thfaori the only 
. 
. 
thing that should ·~ termi~e d ' ( sens i ti ~i ty) in· s s is the 
. -
.. nature of the und~rlying dis~ri};)utions of signal and noise. 
Either the mean separatiol) of ~he underlying distributions 0 
must -increase or the distribution v'ari·ance of either or 
..._ 
• 
~j 
both must" decrease or some combhation of the above must 
.. 
take place in order to increase d' ~ All of these alter-
natives are ,inconsistent with TSO, si.nce the increase in 
. 
' 
·· d' came .. · about when only pay·off matrix was ~hanged, !>:a-t a~ ·: • . ' . . • ' 
& 
consistent with A·tkinson 's variable sensitivity learning_ 
l, 
model which assumes that S's sensitivity can change as a 
-
... \ 
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function .-·of - feedback. 
-,---,-----\----: ____ J ________ _ . \ 
" - ---· . -- --- . _. '~ .. -- . - ... 
•. 
' 
.· . _To be specif.ic, . the p~e-dictiorts· of · 1~near. ~OC 
' ' 
. . 
-
· ..•. -. 
curve's in Atkins.on• s model .ar'e· bas·ea on th~ equati9:p.s. 
• - j:, 
p (SI s) = m signal + ( -m Sigriai> 'I! and p(S I n)\ = ( -m' 
signal) 'I! where m signal is: ~·s mometary sens,itivity 
. ' -,,.. . 
to ·,the ..· signal, and· 'P is· a. lea.rni.n·g parameter, depen-
,111.1;111.111;111.,,,,.11.-'\,.,,. .• .,,,.., 
• dent ~bl) .. ·the .feedback· s r~ceives_. _.- The 'l' function also 
--
' , . 
0 # 
• 
-~ . 
. ' . ,,.. 
makes po~,sible ·changes in a.-
Since detection theory · does· not p·re~ict the ob-
- . 
tained results, pethaps ~ procedur-1 
' . -
error 
,, 
: .. ~ 
... ' . ' . 
can be found to explain away the· dis·crepcµ1 • All~_· of _: . .. - , 
- 11· • • • • \ '. 
,- - . - . I . • - . , . 
the following ·are. at best tenuous. expl~nati6ns _ which _ · ._ · 
- - - ' 
\ ,' ' 
" 
. . r 
----···· ----- - ----~-
·I 
• . \ t' ' 
-_.ican account for' the .·discrep.ap.cy between. de.tection~.,theory. ~· 
pr~dictions and obtained results. 
-. - - - .• -·_ <>_ ' / 
Th.e possibility al- ·- ~ 
ways exists. that~ S,s were still ~learning the dE!te.ction _ 
1·, . - .;.. 
- ; 
. 
task durin·g nonshock trials .t While this poe;s.ib·ility is 
' . 
impossible ·to refute., it beqomes very· unlikely corisid-
,1 
'<--/ 
· J ··· ering the ·number of training trials prior to the·-no-;shock 
· .. '-\ ;. 
··-
fl' • -.- I I 
condition and ·the-· abruptness of the. shift in d' espec~ 
- _/ ' ' . ' 
·ially iln, s; 1, 2, 3, and 10. 
t -\ 
. '· A different possibility involves the motivational 
level of Ss. While it is true that, according to detec-
-
t 
tion theory, motivation should not affect the "true" d' 
of Ss, the possibility exists that the observed d' values 
' .... 
---
are not indicative of S's capabilities. It ·can_·be ,argued 
. -- . 
• 
that Ss were not responding optimally during the nonshock 
(_ 
·, 
condition. 
~ 
' ... 
' 
When shock was introducea,·ss were motivated 
\ 
.. 
• 
• 
.. 
:~;,/ 
' ·. \ . . . 
' . 
. . .,,...,,. - .. 
I 
- - - ------~ ---
.~-----·-··-- ---- ._p --~--·-•-----·- ·~· I 
- -- - -- - - ------ ,· ----- -
· · ~. b~tter maximiZe their ~xpected v,alue .' Due to .the 
'( ~ ' 
.. •. . ~ 
. aversive-,:nature ·o-f. shock Ss:' motiv~ti·on .was .inc~eased 
. . . , --· ,,'. 
. -
') . .. , . . . 
and~ mistakes were ,mqre costly to Ss. ·than during the no-
- . . 
... 
' ' 
·· shock condi ti6n. · Howeve.r, there i-s no reason ·to assume 
"I 
·- ---~' 
. 
. that -mistakes· were not costly enough to· Ss during the 
' 'Tl ._, • 
J : A: 
'-~ .· .\ 
. • '> ' • <S!, . . . 
n·onshock condition ·SO that they. would, perform less- an 
\ . 
. . 
.'·optimally •. ·rn fact,, al-1 evidence. points to. the contrary-.· 
. .. 
All Ss were 
-~ . 
run at 80% of .their b~dy.weight. The extent 
. ._.. -
..,,. 
·o·f their .food ·motivation is emphasized when no s· had ac-
, - . ',., .... 't• ---
• ' -~--- - ~t,-' cess to· food· less. than ·21 h_ours before the expe·rimental · 
' i 
' ,:"" . 
sessi-on -·an<i ~s ·would respond on a large percentage pf the 
- . ~ 
., trials.,.each day. ·They were therefore-motivated enough:· to· 
·- I _:_____ .• . J. ~-~,~~~ ... -~-- ___, __ ,, ___ ._ -------~-· ... ----"~~-· .. ----·- ----------" • ----· .. --- --- ··.· .· ... --·-------.. -~-----·----~- ,. -,--·---~·----·· ........ · ... , ... ~ .. ---- ·-.----.--·=----n··-·· .. ~:-- .. -·-·-··--·-.-... -·~·-· ~"--.. .. -~----,-----·----·-··" 
, · · . · · · . respond. Also, .all evidence . of previous stU;di_es · ·as · · · · · · · · 
~ . ~ . ' ' . 
... 
·- ;,; 
... 
I 
I ' . -~' . ·I . . ~. -v.> 
.. 
,. ; 
.. 
.•. \._:, 
~found that motivati.·ona1· aspeets affect only· .-.the' ~riterion 
and not ·the d' . of the observer. Suboski an~ Speva.ck ( 19 6 8) ·. · 
using 3, 6, 1.2· and 48 · hour deprivation schedules and ·two 
/. . . 
I 
auditory· tones as · signals., found little or no differences 
in. d' comparing differ.ent motiyational level~. 
0 A final possibility exists which involves the infbr-
' . 
mation· each S recei v.~s on every trial on which he-.i. responds. 
For the ·no shock condition, Ss received no/reinforcement 
-
when detection were incorre.ct. I·n the shock condition this 1 , 
fl ', ' 
· n·on..:·reinforcement was ch·anged to shock at least part of the 
(, 
time for the asynunetric group and a11· of the time for the 
; 
symmetric shqck group. It se s p1ausible to assume that 
- ~) 
during the shock condition, ~s Were receivl.ng more immed~ate 
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[) 
feedback or (more certain) . inforinait.i~n. th~t- they ·were. 
correct or incorrect, i ., .. no shock and. _food for dorre,ct - -
~ - - - .· 
. detec.tions and shock and no food _for incorre,ct detection 
- ' ;,._ ,.,. . : ' 
respon~es, than durifg !-h:~--~-~ .... ~-~~~~---·c_?ndi!~<;>n. ---~ _<?oul4 __ _ 
(> 
be argtied that this added information on e~ch trial .. of 
._ ·the shock condition· helped increase ·ss ~ detection -ability -
. ·~ '. ·. -~ .. - ·. . . 
) 
. by __ making feedback i:nore immediate as well 'as· more effec_-
(1 ' 
tive for Ss. If th·is ~rgument ~s ·true, then .?s #9 should 
-
have sho~ dec!ease iri d' after ~emova.1 Of shock from 
his payoff matrix. ,·This did not happen. 
J . . 
.. There is one other· poss·ible explanation which can 
~ ' . . 
~c6ount for the increase in d.'{r'which -canriot be discounted .. (i. . ' -
- . "'· . . 
. ..... 
1 
- . 
·, 
( . 
:-. 
' 
• -,,-._--~~~-- --·-~-.. ,,.,,. .. ,..,.....,.., -------...,--.--·- ·---·-----·---:-----"----·----~--· ._..._.,_.....,__,.. __ ,....._ __ •·---···--_. ..... - .... --~~~- , ... -_,_._~•·•~•·---~-•-••-·'--.~--~·-~-•-••·--·-•··----•·•~· ___ .r-.- · _.._..~_n-.,~ • -•·-------,.~~~-------.·.,.,,..-,,.,L•~ •.·....,.~a,~ ............... -_....,.. ..___,..._.- ... - ............ ---~-·--- ··--·-• · •.,, _ __,.._..,._.n,.«a....~ ...... -- • 
. _Th~ possibili t~ exists that, ·the shock had a general ac-ti- . 
:_ra 
-~ 
,· 
,.. 
-{ 
: .. 
~ 
vating effect on Ss. This possibili,ty can· be controlled 
~ 
. : ,. ~ 
~ . . 
.by 'use of a· control g-roup which would receive shock ·at-· 
t.a:ndom intervals regardless of their.· -response. If shock 
. ,_ 
actually has ~ome .sort of activating effect, d's of con-
'" 
.. 
trol Ss. should equal d's of experimental Ss with shock 
. -. . . -
·in t:heir payoff matri .. x. 
Given the·qualitativ~ nature of the data, a defini-
y . 
tive conclupion was·not possible. How~ver, it was con-
clu~d that TSO cpuid not easLLy cope with the implica-
r. 
tion of improved detection ·ab·ilities of Ss when shook was · 
• 
-
· · introduced into· their payoff matrices. Given the frame-
work of tbis .. data,· explanation· of the -data as pre_ferred 
by the-. author supports Atkinson's variable sensi ti vi ty 
....w, ••••. 
,• ~ 40 
; .f' ' # 
. 1 
• 
-ii,'. • 
I 
.·,. -,· 
. .. 
• •• .,_,. 
" 
\ 
• 
• _f 
_,,,_:, . 
j, • 
.. 
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,. __ - E:j 
I 
\ 
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/ 
. . 
.J 
.I. 
·-· ""\ ~ -
_ r a , • 
. . theory. which· seems best abl'e to· handle -this· performance 
fl • 
. -
. . . 
increment in the shock condition.· • ,f 
Results of the.present exp~rime~t show large indi- -
. I\, 
~ 
vidu·a1 diffe:c:e·nces in ROC curves. These differences 
·;;··--·-· ·····.-- __ ..,_ _________ _ 
-~--------=----------~--- ....... , ··•··- ----- f 
' should not· re4al·lY be surprising since it is assumed that 
.... ,, 
. ~. . 
the. shape of the ROC curye .depends.-upoi:i: the decision rule 
' ' 
' ' 
., ... , .. , .. ,., ~ 
. .. 
and the way the cr.iterion ·changes when a priciri probabil-
- . . 
\ · i ties aµd payoff. matrices are changeq .• $, 1:. 
,, 
~t:·' 
decisiop. theory, most ~s · were able to shift their cri- \ · .. 
.: .. . 1/- .. ·terion with condition changes • 
... 
Thetd" indeX of sensitivity can be applied to changes 
~-~.. - ' 
. ,,,_,._ • ··~ .• t . , 
,* - ...... ~)I,,,, • I 
.. 
i·n -detection. a1>i1i ty due.~ to signal stre~gth differences. 
A 
' 
. \ 
. . 
. . . 
It 
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~. . -· , · ·. · · This is clear in Figure 6 •. When the signal strength was 
., 
, .. 
·1 
:{ 
\ 
.'P 
; ' . 
... 
. !. ' 
,. ' 
reduced holding all ot_her conditions const-ant, signal de-,. 
. . tectibili ty was decreased. Sensitivi.·ty was increased~ i~-.-.-. 
~. . 
\ .. 
' . 
pi.lot S #2 when tone frequency was increased. This find-
-
- ing is in line with results reported _by Gourevitch and 
. 
Hack (1966) and earlier stud~es such as Gould _and,Morgan 
, 
' 
(1942}z. In this instanced' does seem~to be a useful con-
. cept in sununarizing sensi.tivityJ · 
· · It was originally ass~d that using synunetrical shock 
in the ,payoff matrix should have no effect on the shape or 
' slope of the ROC. as ~ompared with an ROC obt:ained with no 
-----------··-·· -
i - - - -- -
shock payoff. ·It· is pr~dicted by TSO that _an asymmetf.ical 
,• 
.payoff msittix· would produce only a shift in criterion alo~g 
• ,, A 
I 
.... ··-· ·. I . . .. . . 
' . .~ ~ 
J 
, . I .......... ...,,. 
,. ' . 
the same ROC. This was not the cas~ here. It w:as found 
... 
·.• .. 
• 
' 
... 
'· . .. 
' . 
,,, 
) 
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tha t the introduction of shock resulted in an. increase 
in d' • This d' increase has been shown to -be inconsis-
tent with TSD. The ··linear ROC ,curves obtained from pres-
', 
' ~-
---J 
. ; 
ent data were also inconsistent with TSO_. All other data-
was·consistent with.TSO and .. 9ther.research. A replication 
of the present exper~ment with signal intensities- of about -
~~:-. ""- . 
;-:.t 
', 
60 db would be of interest so that closer· study of· the 
,, shape of the ROG curve w_ou1a· ·be possi·ble ·• 
, 'I 
' 
Both predictions regarding constant d-' · with. change 
in I?ayoff and the mon_otonicali.y decreasing slope· of· the 
·-
··., ~ROC were shown· to be invalid~ What little predictability 
-
r-' > \;_/""· 
·. was .. afforded by TSO with- rega~d to changes .~n d' >-~s a _, 
.. • 
. 
. 
, . ~ . . ' 
·-.----- . ·---~ - ~ --- . __ -~~4-~~--~f uii-cf1'0:n~"-o :I:-· torie -~r·equericy-, ana-·---itl Een.s icy- cotrld- ·"jUst-··a-s-··------------""'-~~~~~~-------·-· -~--~~--
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-
. 
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·' ,./:~-.. 
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.• .. 
. . 
" ·-. 
. -
• 
~ t-
e ,as i-1 y be obtained from many other models. Atkinson's 
model is the one which has the greater ut·ility in ~xplain- -
i~g results of this experiment. Further research suggests. 
the use of human subjects under simi:lar. experimental con-
-- dit·ions •: 
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